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Composite particles containing internal scatterers have been pro-
posed as an explanation for the fact that most photometric studies of
planetary surfaces based on Hapke’s bidirectional reflectance model
have found the planetary particles to exhibit moderately backscat-
tering phase functions. However, an implicit assumption made in
this explanation is that the scattering by composite particles con-
taining multiple internal inclusions in a planetary surface can still
be adequately computed using standard radiative transfer theory
assuming the composite particles to be the fundamental scattering
unit even though the particles are necessarily in close proximity to
each other. This assumption was explored by J. K. Hillier (1997,
Icarus 130 328-335) using a Monte Carlo routine. However, in this
initial study several simplifying assumptions were made. The inter-
nal scatterers were assumed to be isotropic and scattering off of the
surface and absorption within the composite particle were ignored.
While these assumptions are not very realistic, it was believed that
the study could still provide insight into the light scattering by such
surfaces. Here we relax these assumptions in order to examine the
light scattering by more realistic particles. Almost all of the con-
clusions reached in the earlier paper remain valid. As before, we
find that classical radiative transfer (assuming a random distribu-
tion of scattering particles) coupled with the assumption that the
composite particle is the fundamental scatterer provides a good ap-
proximation in the high porosity limit. However, even for porosities
as high as 90% the effects of close packing are clearly seen with
the radiative transfer calculation underestimating the scattering by
~10% at high phase angles. In contrast to the earlier study we find
that the radiative transfer calculation tends to overestimate, not
underestimate, the scattering at high emission but moderate phase
angles. As the porosity is lowered further, the discrepancy becomes
more severe and can reach 100% or greater. In particular, our main
conclusion remains intact: the parameters derived using the classi-
cal radiative transfer theory will yield results intermediate between
those of the composite as a whole and those of the internal scatterers
and thus one should exercise caution in interpreting the results of
models based on classical radiative transfer theory in terms of the
physical properties of the surface particles.  «© 2001 Academic Press
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INTRODUCTION

Hapke’s photometric model (1981, 1984, 1986) has bee
widely used to describe the light scattering properties of nume
ous Solar System bodies with particulate surfaces (e.g., Bow
et al. 1989, Buratti 1985, Dominguet al. 1991, Hapke 1984,
Helfensteinet al. 1988, Helfenstein and Veverka 1987, 1989
Hillier et al. 1994, Verbiscer 1991, Veverlat al. 1987). The
vast majority of these studies have found the surface particl
to exhibit negative asymmetry parameters. In contrast, mc
laboratory studies suggest that particles should exhibit strol
forward scattering lobes (Zerudt al. 1977, Gieseet al. 1978,
Weiss-Wrana, 1983). Using Hapke’s model, Verbiscer an
Veverka (1990) and Dominguet al. (1997) found that terres-
trial snow does exhibit forward scattering behavior, in contra:
to the planetary observations, which led them to suggest tf
the backscattering behavior of the planetary particles is due
a complex particle structure and texture such as particles cc
taining internal scatterers including inclusions, microcracks, ar
bubbles (Hapke 1996). The McGuire and Hapke (1995) labor
tory measurements show that nonabsorbing or weakly abso
ing particles containing a large number of internal scattere
(optical thickness of the scatterers at least several tens) m
indeed be backscattering even if the internal scatterers are f
ward scattering.In contrast, Mishchenko (1994) argues that the
planetary particles may in fact be forward scattering but that tt
approximations used in Hapke’s model are not appropriate fol

2 It should be noted that McGuire and Hapke's results exclude the diffractio
peak. However, as Hapke (1993) argues, the diffraction by a particle will b
altered by its neighbors in a close packed surface. In addition, for large particl
any diffracted light will be highly concentrated in the forward scattering direc
tion and, in practice, will be indistinguishable from unscattered light. Therefore
in a planetary surface, it is appropriate to ignore the diffraction peak (in essen

1Current address: Grays Harbor College, 1620 Edward D. Smith Dapproximate any diffracted light as unscattered) while noting that the phase fur

Aberdeen, Washington 98520.

tion and albedo derived for a particle is that of the nondiffracted component onl
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close packed medium (such as a planetary surface) and lead to TABLE |

erroneous findings. Summary of Model Parameters and Their Physical Significance
Hillier (1997; hereafter Paper 1) used a Monte-Carlo scat=

tering model to examine the light scattering from composiféameter

particles in a planetary surface. This paper showed that the ef-J)0

Definition Description and physical significance

Internal particle single-  Fraction of light scattered to light

fects of close packing modify the scattering by composite parti- scattering albedo incident upon a single particle. It is
cles in a complicated way. Classical radiative transfer, whether related to the particle composition,
assuming the composite as a whole or the individual scatter- size, and microstructure.

Asymmetry parameter  Describes the directional scattering
properties of individual particleg
is the asymmetry parameter of a

ers as the fundamental scattering unit, provides only a rough 9
approximation of the actual scattering particularly at high inci-

dence, emission, or phase angles. However, several simplifying Henyey—Greenstein phase function.
assumptions were made in Paper 1. The internal scatterers were g < Oindicates a backscattering
assumed to be isotropic. In addition, all scattering was assumed particle whileg > 0 indicates a

predominately forward scattering
particle.
Scatterer optical depth  Optical depth of internal scatterers

to occur off of the internal scatterers; scattering from the surface
of the composite particle or absorption within the particle was _

. . . . . . SC
ignored. Neither of these assumptions are very realistic. In this across a diameter of the composite
follow-up study we relax these assumptions to examine the light particle.
scattering from more realistic composite particles. Tabs Absorption optical Optical depth for absorption within
depth the composite particle. Measured
across a diameter of the composite
MODEL particle.
nr, n; Index of refraction Realnr) and imaginary; ) indices of
As was done in Paper 1, the planetary surface is assumed VEfrf}CI“O” of the composite
: : : e i particle.
Fo consist of spherical particles containing rangomly positioned (r Porosity Fraction of space within the surface
internal scatterers. In Paper 1, all the scattering was assume that is not occupied by particles.

to occur from the internal scatterers and the internal scatter-
ers were assumed to scatter isotropically. In this paper, these
assumptions are relaxed. Scattering from the surface of, and ab-
sorption within, a composite particle are now both accounted fdecreases much below 80% it becomes more and more diffici
in the model. Further, the internal scatterers are now assumetbtfind room for all the particles using this procedure. For thes
scatter light according to a Henyey-Greenstein phase functigorosities an alternate procedure was employed. Initially, 17
With these refinements the individual particles in the surface grarticles were set in a regularss5 x 7 square cubic close-
now described by a total of six parameters: the real and imagacked lattice. The particles were then moved, in random orde
nary index of refraction of the composite partiahe &ndn;), the one at a time by a random amount up to the initial distance b
optical depth of absorption across a diameter of the partigle, tween particles in the lattice being sure there was no overle
the asymmetry parameter of the internal particle phase functitmetween particles after each move (if there was, the procedt
g, and the two parameters used in the original model—the intevas repeated until a valid spot was found for the particle). Thi
nal particle single-scattering albed®, and the optical depth of procedure was then repeated four times to obtain a random d
internal scatterers across a diameter of the partigJdt should tribution of paticles. Periodic boundary conditions were used t
be noted that the absorption optical depth and imaginary refréiandle any rays that left the cell.
tive index are related to each other through the (unspecified)Once a random surface is generated, a Monte Carlo scatteri
particle size. In the model the absorption within the compossutine is used to calculate the light scattering from the surfac
ite particle is determined from the absorption optical depth. The basic procedure is as follows. Photons are shot into the s
(along withn;) only comes into play in determining the reflecface at random points and from random directions. The photon
tion coefficients and direction of refraction within a particle. Fathen followed as it is scattered by the particles it encounters un
most materials of interest here, the imaginary refractive indéxeither is absorbed or escapes from the surface. This proce
has little influence on these factors. Thus, in practice, the imag-+then repeated until adequate statistics are built up to descri
inary index of refraction was ignored (set to 0). In addition tthe scattering in all desired directions.
the parameters describing the composite scatterers the mod&ach run following a single photon is performed as follows
contains one additional parameter: the porosity of the surfaéést, a random azimuth angle and intercept point with the su
P. The model parameters and their physical significance deee is determined (for each calculation the incidence angle
summarized in Table I. given as an input to the model). The photon is then followed int
A surface of such particles was generated randomly as diee surface until it hits a particle. Whether the photon is reflecte
scribed in Paper 1. Summarizing briefly, for highly porous sueff the particle (at which point its interaction with the particle is
faces (porosity=80%) it is possible to place the particles randone) or refracted into the particle is determined randomly u:
domly within a square cell one atatime. However, as the porosihg the Fresnel reflection coefficient. If refracted, three fates me
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befall the photon: It may be absorbed by the composite par 3§ I I I

cle, encounter an internal scatterer, or make it through to the N T meElLSSasal e HG, 504
boundary of the composite particle. A random distance, bas n=lLSSx=m e HG.g=06 T
upon the probability (as a function of the inputabsorption or sci =, A HG. g=073
tering optical depth) of the photon traveling a given distance l:ﬁ
fore being absorbed or encountering an internal scatterer is (= 0
culated. These distances are then compared with the dlstancv
the far boundary ofthe particle and the smallest of these dlstan‘;
determines the photon’s fate. If itis absorbed the run is comple= i
If it encounters an internal scatterer, it will either be absorbe N
(and again the run is complete) or be scattered with the proba i "=
ity being determined from the particle single-scattering albec
If scattere_d, a new direction for the_photon is determlned_ ra = o P o o o o
domly, weighted by the phase function. The calculation withi Scattering Angle (%)

the particle isthen repeated starting from the location of the inter- ) o ) )
nal scatterer. If the photon reaches the far boundary, it can en@ sFe'(?orll M“Ceotg‘e";;'/sg”ﬂ?; &iﬁygj‘gggg;?elsr']zsh';‘scéufst';’;tmasfh;“g‘gx/’:
be refracted out of the particle (at which pointits interaction wi reenstein phase function with asymmetry parameter 0.4—0.75 provides ar
the particle is complete) or be reflected back into the particle dBnable fit to the phase function expected for typical wavelength size inclusior
which case the calculation within the particle is repeated. If the

photon escapes from the composite particle, it is again followed

until it encounters another particle or (if it is now traveling upwith an index of refraction of 11.55 (1.55 was chosen as a typ-
ward) it escapes from the surface. If it escapes, its phase anglg refractive index of silicates in the visible) was examined. £
and emission angle are recorded and placed in the approprigégond case with an index of refraction g5 was examined
bin so that the reflectance as a function of phase and emissi@fan example of an inclusion. The scatterers were assumed t
angle can be calculated once adequate statistics are bulilt upgn the order of a wavelength in size (three cases were examir
In addition to calculating the scattering from the surface, thgith a size parameter of = 7r/2, r, and Zr corresponding to
above Monte Carlo routine was adapted for use in calculgfmameters of 12, 1, and 2 times the wavelength). Mie theory
ing the scattering properties (phase function and single-partiglis used to determine the scattering properties of these sc
scattering albedo) of a single composite particle. These resuligers. While the internal scatterers are likely not spherical ar
interesting in their own right, are needed to calculate the rgscent results (Lumme and Rahola 1998) do suggest some
flectance predicted by classical (low density) radiative transfgéndence of the light scattering properties on particle shape
theory for comparison with the Monte Carlo results. These rgize parameters of a few, Mie theory should still be a sufficier

1

— - n=2.0/155x=m

-0.5

sults are presented in the next section. approximation at these small particle sizes (Pollack and Cuz
1980) at least for our purposes. The results are shown in Fig.
COMPOSITE PARTICLE PROPERTIES Also shown is the Henyey-Greenstein phase function employs

in this study. As can be seen, a Henyey-Greenstein phase ful
In Paper |, it was found that internal scatterers within a cortion with an asymmetry parameter ranging from 0.4 to 0.7
posite particle could indeed make the particle as a whaovides a reasonably good fit to the actual phase function
backscattering even if the internal scatterers were isotropiiese inclusions. Thus, the Henyey-Greenstein phase functi
However, isotropic scatterers are not very realistic. For monéth an asymmetry parameters in this range should be a go
realistic forward scattering particles Mishchenko and Maclkapproximation of actual internal scatterers and this function
(1997) and Lummet al. (1997) have found that the compositeemployed throughout the rest of this paper. In our nominal mot
particle, while less forward scattering than the individual inteels we have assumed an asymmetry parameter-6f0.6.
nal scatterers, is nevertheless still forward scattering. Due to theéDur results for the phase function and albedo of the composi
assumptions made in Paper 1, we could not address this quegtiarticle, assuming no absorption within the composite particl
but here we can examine the scattering properties of composite shown in Figs. 2 and 3. With no internal scatterers, the di
particles containing more realistic forward scattering particlesnctive rainbow and glory features associated with scatterir
A typical internal scatterer would be a void within the partifrom transparent spherical particles are seen. It should al
cle or an inclusion of a material of significantly different indesbe noted that as a test of our code our Monte Carlo resul
of refraction. A void would have an effective index of refracagree well with the predictions based on geometric optics (ve
tion of 1/n, wheren is the index of refraction of the compositede Hulst 1981) in the case of no internal scatterers. As e
particle as a whole, while an inclusion would have an indepected, these features decrease as the optical depth of s
of refraction equal tan/n, wherem is the index of refraction terers increases. They are still visible at an optical depth
of the inclusion in a vacuum. As typical internal scatterers twane but are almost completely eliminated for optical depth
cases are examined. As an example of avoid, an internal scattgreater than three. The asymmetry parameter and single-parti



254 HILLIER AND BURATTI

90 90
g 304 D

£ 70 £ 70

2 60- 2 60

Z 50 Z 50

5 40-] § 40-]

2 304 2 30

5 20 P =99% 5 20- P =90%
10 10-
O ] | | | I I 0 I I I I I I

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Phase Angle (°) Phase Angle (°)

90
804 €

£ 70

2 60~

Z 50

£ 40-

2 30

5 20-

P=75%
10-

0

I I I I LE

I
0 20 40 60 80 100 120 140

1 1 1 1 1 1
0 20 40 60 80 100 120 140
Phase Angle (°)

Phase Angle (°)

90

80 . .
70 Incidence Angle = 45
'_;:2360_ W(DO= 0.9 g= 0.6
< 50
=80 1 =100 T, =00
£ n=1.55 - 0i

P=27.5%

"
0 20 40 60 80 100 120 140
Phase Angle (°)

FIG.5.

Ratio of Monte Carlo calculations to predictions of classical radiative transfer as a function of porosity, emission angle, and phase anglemtan i
angle of 45.



COMPOSITE PARTICLE SCATTERING 255

907 901

80 80
& 704 & 70
‘%;60~ %}96(%
£ 50 & 50+
5 40- £ 40-
g 30- g 30~
20 P=99% 204
104 g 10
0 T T T T T 0 T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Phase Angle (°) Phase Angle (°)
90 90 |
80 80
£ 70 707
2 60 2 00
Z50- Z 50
é 304 g 30+ y:
m 204 m 20+ P =50%
10- 109 ¢
0 I 1 I I I 0 I 1 1 |

0 30 60 90 120 150 180
Phase Angle (°)

I
0 30 60 90 120 150 180
Phase Angle (°)

90 |

80
£ 70
2 60
Z 50
£ 40-
2 30-
& 20-

10-

0

Incidence Angle = 85°

=09 g=06
'rsc=10.0 'cabs=0.0

Vo 2759 n=155-0i

I 1 T | 1
0 30 60 90 120 150 180
Phase Angle (°)

FIG.6. Ratio of Monte Carlo calculations to predictions of classical radiative transfer as a function of porosity, emission angle, and phase angleatan ir
angle of 85.



256 HILLIER AND BURATTI

10 . - TABLE II

9_I — = T =00 T =5.0 Pm;de Zr;’p ertest Asymmetry Parameter and Albedo of a Transparent

8_! S go—-.0‘6 A (Taps = 0.0) Composite Particle

7_|I --- Tans = 0.0 // _ g o
I

- n=155-0i /
£
g &)oim =0.9;g =06
= 0.0 0.619 1.000
2 1.0 0.472 0.874
3.0 0.293 0.680
5.0 0.199 0.548
10.0 0.071 0.372
100.0 —0.038 0.210
0 o, = 09,9 =04
0 20 40 6 8 100 120 140 160 180 0.0 0.619 1.000
Phase Angle (°) 1.0 0.414 0.871
3.0 0.210 0.676
FIG. 2. Particle phase function for the composite particles as a function of 5.0 0.112 0.547
internal scatterer optical deptip= 0.6 for the individual scatterers is assumed. 10.0 —0.020 0.387
100.0 —0.107 0.249
scattering albedo of the composite particles are given in Table 1. Note. n= 1.55 is assumed.

While the asymmetry parameter of the composite particles may
approach zero, the composite particles remain forward scatter-
ing except at very high internal scatterer optical depths. For low SURFACE SCATTERING PROPERTIES
albedo internal scatterers the composite particle remains signif- ) ) .
icantly forward scattering for all optical depths (Table I11). This Results for two nominal models representing a dask <
is due, at least in part, to the fact that most of the reflected lightls 9 = 0-6; 7sc = 10.0; Taps = 0.0;n = 1.55— 0i) and bright
in this case comes from reflection off of the composite partici@o = 0.9:9 = 0.6; 7sc = 10.0; zaps = 0.0;n = 1.55— 0i) sur-
surface. If we remove this contribution (by setting the index ¢f¢€ Were calculated for porosities of 27.5, 50, 75, 90, and 99%
refraction to 1) the degree of forward scattering is reduced H{{€€ representative incidence angles'o#s’, and 83. There-
is still larger than that seen for the higher albedo internal scSHItS were then compared to the predictions of classical radiati
terers (Table I11). Thus, while it is possible to reduce the degr&@nsfer theory assuming the single particle scattering albedo a
of forward scattering to nearly isotropic particles, composif%hase function calculated above. Following our previous pape
particles containing realistic internal scatterers remain forwafdhadow hiding opposition surge following Hapke's (1986) for
of isotropic scattering. Only for very large numbers of interndnulation was included with width parametér= —3/8 In(P),
scatterers may the composite become significantly backscatf$f€reP is the porosity and amplitude paramegy = 0.75 in
ing. These results are in full agreement with the conclusions B radiative transfer calculation (because our modeling does r
Mishchenko and Macke (1997) and Lummeteal. (1997).
TABLE 111
Asymmetry Parameter and Albedo of a Transparent

9_! —— T, =0 — T =50 Particle Properties: (Tabs = 0.0) Composite Particle
o = 0.9 ~
| ——— T . =1.0 e T =100 ®o Tsc g o
3-1 s¢ ¢ g=04 //
7_! - T =30 — — Ty =1000 Taps = 0.0 ' // @0, = 0.1;gi = 0.6
g 6l n=155-0i / 0.0 0.619 1.000
5 / 1.0 0.627 0.475
£ 59 / 3.0 0.516 0.172
2.3 " /o 5.0 0.424 0.115
! s 10.0 0.071 0.372
100.0 0.393 0.100
Eboint =0.1; g = 06;n=1
1.0 0.583 0.072
3.0 0.512 0.039
100 120 140 160 180 5.0 0.415 0.025
Phase Angle (°) 10.0 0.236 0.015
100.0 0.018 0.009

FIG. 3. Particle phase function for the composite particles as a function of
internal scatterer optical depttp= 0.4 for the individual scatterers is assumed. Note. n= 1.55 is assumed.
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L7 data were binned in 225vide bins in emission (and phase) angle
_ Parameters: N and thus data from a variety of phase angles were included
G0=09 - g=06 each emission angle bin. Because the highest phase data wc

167 | m P=99% a P=75% O P=27.5%

$ezes 3 “"iﬂ‘] the emission angle increases, though less severely than see

g3 . ,gﬁiﬁ;“ L gle in , thoug ly
! !‘ ﬁ t’““ﬁ““! ¢ ‘ the current paper. This observation may also provide an alterr
_.i“.l"““.."“.“"'“““!“|l' tive explanat|0|_1.for the garl!er paper's finding that _the .rat!o fall:
off near opposition at high incidence angles. At high incidenc
angles, data near ®hase angle will necessarily be at grazing
T e e e e e emergence, and the fall off seen at low phase angle in this ce
Phase Angle (°) may in fact be due to the high emission angle rather than the Ic

phase angle.

FIG. 4. Ratio of Monte Carlo calculations to radiative transfer results as a Why is the scattering relatively lower than expected at hig
function of porosity at an incidence angle ot 5 emission angle? One possible explanation is that light that €
capes from a particle heading nearly straight upward toward tl

account for coherence the effects of coherent backscatter dol%'S‘PEtS surface will tend to come from the upper regions of

appear). As before, these parameters provide a good fit to tt'tCIe \(/jvrg)ne l!%ht the_lttleetlxes atfhlgher_ﬁmlssmn”angles (fo r
opposition surge found in the Monte Carlo results. scattered back down into the surface) will generally come frol

The ratios of the Monte Carlo calculations to the predictior{ggl'ons of thke gartu;le more det_egl)ly |rjr|1|bedded n the s_fgrfactcaf. F
of classical radiative transfer assuming the composite parti oSe-packed surlace, a particie will occupy a signiiicant fra

phase function for the bright surface are shown as a functiont” of an optical depth in the su_rface. Thus,_ thqugh the ligt
porosity and phase and emission angle in Figs. 4—6. A ratio'DfY €Merge from th?‘ same partlcle_, that Wh.'Ch 'S scatt_ered
one indicates that classical radiative transfer provides a goodcﬁ\fv emission .angle will general_ly exit th? p.art|cle higher in the
to the data while significant deviations from one indicate whe .ém‘ace than light scattered at higher emission angles. Thgrefo
the radiative transfer approximation starts to break down. As th scattered .at More grazing emergence, generally exiting
pected, radiative transfer provides a good approximation at hi ﬂmts deeper m_the surface, will have less of a chance of N
porosities: at a porosity of 99% the ratio remains near one at fPing before bemg_ absorbed or rescattered by anoth_er_partlc
phase, emission, and incidence angles. However, even for por ding to a reduction in the reflectance at high emission a

ties as high as 90% significant deviations are seen with classig&t> If this explanation is true, then the magnitude of the effe

radiative transfer calculations underestimating the scatterings uld be greatest for the sphgrlcal particles assumeq here .
phase angles 60° by 10% or more. As the porosity is reduced"® be reduced 'for 'the more imegularly shaped particles o
further, these discrepancies increase. In general, compacting"i’ﬁ’éﬂd expect fo find in a typical planetary surfac_e - However,
surface tends to brighten the surface at most viewing and illuntie€Ms likely ta occur at some level for such particles as well.
nation geometries, but especially so at high phase angles where
the discrepancy can reach 100% or more for a highly compacted,

—
L

- = X = (). a . . . . . . .
2711 o poo o posos e T e be included in the highest emission angle data, this might tet
& 147 R .?5 to skew the results toward higher ratios at higher emission a
z13] o @@EBE"Aé gles. A reexamination of the data (assuming isotropic particle
:\‘f ] E@ggéﬁﬁﬂﬁﬁgagaﬁgaég@ﬁﬁg el, 0 shows thatitindicates a similar trend with the ratio decreasing:
g
2

e
o
1

o
%

<

surface. This is the same behavior suggested by the simg Parameters: .
. . B P=99% =75% 0O P=27.5% ~
model employed in Paper 1 and suggests that using a mo 357 % 4k ° | @=01  g=06 s,
based on classical radiative transfer will yield more forwary 1| o poos o poson ST R e
scattering particles than the true composites. However, whg aggﬂ'
f ing than th ites, th fols 257 o® gs
more forward scattering than the composites, they are, as fot 2 Mg

in Paper 1, less forward scattering than the internal scattererg ] &uA R

While the underestimation of the scattering by radiative tran% Tia e
fer increases as the phase angle is increased, the opposite e3 !- ff%ﬁ@g'%“ﬂﬂEEEQQQQEQ% g T Ty

. . . i prt ¢ Y f ‘{‘ "
is seen with the emission angle. The ratio of the Monte Carf | is ‘“““““““““““"“ 44 H
to radiative transfer results decreases as the emission angl
increased. In fact, the general trend for the surface to brighten 057
verses and radiative transfer theory overestimates the scatte

at very high emission angles as long as the phase angleremi o 1 2 3 40 5 6 7 8 9% 100
moderate. The opposite trend was found in Paper 1 where Phase Angle ()

was found that the underestimation of the scattering by radiativer|. 7. Ratio of Monte Carlo calculations to radiative transfer results as
transfer increased with increasing emission angle. However, thstion of porosity at an incidence angle 6t 5

n
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The ratios of the Monte Carlo to radiative transfer resulhould at least exercise caution in interpreting the derived p
for the dark surface as a function of porosity, phase angle, araineters in terms of the actual physical properties of the surfa
emission angle are shown in Figs. 7-9. While trends simileemains in force.
to those found for the bright surface are seen, the discrepan-
cies between the Monte Carlo and radiative transfer results are
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